per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Intern* tion&l Bureau 




• INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 
A61K 39/12, C07H 15/12 



Al 



(1 1) International Publication Number: WO 93/17706 

(43) International Publication Date: 1 6 September 1993 (16.09.93) 



(21) International Application Number: PCT/US93/02338 

(22) International Filing Date: 10 March 1993 (10.03.93) 



(30) Priority data: 
07/850,189 



II March 1992(11.03.92) US 



(71) Applicant: AGRACETUS, INC. [US/USJ; 8520 University 
Green, Middleton, WI 53562 (US). 

(72) Inventor: HAYNES, Joel, R ; 1502 Parmenter Street, Mid- 
dleton, WI 53562 (US). 

(74) Agent: SEAY, Nicholas, J.; Quarles & Brady, P.O. Box 
2113, Madison, WI 53701-2113 (US). 



(81) Designated States: CA, JP, European patent (AT, BE, CH, 
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, Pi; 



Published 

With international search report 



(54) Title: GENETIC VACCINE FOR IMMUNODEFICIENCY VIRUSES 



(57) Abstract 



An approach to vaccine methodology is described which is based on a genetic vaccine for a virus A eenetic ^c™^ 
gens m healthy cells to produce an immune response to those antigens. The method is particularly advantegSor ttSSSt 



FOR WE PURPOSES OF INFORMATION ONLY 

y 

applicaS^TuSoi^PCT^ * the PCTon the fronl pages of pamphlets publishing international 



AT 


Austria 


PR 


AU 


Australia 


GA 


BB 


Barbados 


GB 


BE 


Belgium 


GN 


BP 


Burkina Faso 


CR 


BC 


Bulgaria 


HU 


RJ 


Benin 


IB 


BR 


Brazil 


IT 


CA 


Cinaifn 


JP 


CF 


Central African Republic 


KP 


CC 


Congo 




CH 


Switzerland 


KR 


O 


C5tc d*1 voire 


KZ 


CM 


OuttCRKM 


U 


CS 


OetcbosJovaaia 


LK 


CZ 


Caxb Republic 


IV 


oe 


Germany 


MC 


DJC 


Denmark 


MC 


ES 


Spain 


ML 


F1 


Finland 


MN 



trance 
Gabon 

United Kingdom 

Guinea 

Greece 

Hungary 

Ireland 

Italy 

Japan 

Democratic Peopled Republic 
of Korea 

Republic of Korea 



Liechtenstein 
Srilonfca 



Madagascar 
Ma0 

Mongolia 



MR 


Mauritania 


MW 


Malawi 


NL 


Netherlands 


NO 


Norway 


HZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


R 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SK 


Slovak Republic 


SH 


Senegal 


SU 


Soviet Union 


TD 


Chad 


TC 


Togo 


UA 


Ukraine 


US 


United Stales of America 


VM 


Vict Norn 



WO 93/17706 



PCT/US93/02338 



5 



10 



-1- 



GENETIC VACCINE FOR IMMUNODEFICIENCT VIRUSES 
Field af t l-he Tnvon*^ 

The present invention relates rr> , „ 

aenetln . ■ rexates to iJie general field of 

genetic vaccines and relates, Ln particular, to genetic 
15 vaccines for immunodeficiency viruses. 

Background of j-h„ r nventHoT1 
The vaccination of individuals to render the 

infectious disease is one of the oldest forms of 
preventive care in medicine. Previously, vaccines for 
veterin ^ Path ° 9enS te P«**trIo. adult, and 

Jrcl T 9 ° ^ di « c tly from the infectious 

organisms and could be categorized as falling into one of 

25 T h <T Cata 9~ ie8 ' live attenuated, killed, and 
25 subunit vaccines. Although the three categories of 

ZlT ^ £erS al3hlf * ^ de ^oP»ent and 

catLLieToT^ admini8trati0n ° £ * ^se three 
categories of these vaccines is intended to result in 

production of specific immunological response to the 
30 pathogen, following one or more inoculations of the 

vaccine The resultive immunological response may or may 
not completely immunize the individual against subsequ nt 
infection, but will usually pr vent th manif statioTof 

disas symptoms and significantly limit th extent of any 
35 subsequent inf ction. y 

Th t chniqu s of modern mol cular biology hav 
nabled a variety of new vaccine strategi s to be 
developed which are in various stages of pre-clinical *nH 
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clinical development. The intent of these efforts is not 
only to produc n w vaccines for old diseases, but also to 
yield new vaccines for infectious diseases in which 
classical vaccine, development strategies have so far 
5 proven unsuccessful. Notably, the recent identification 
and spread of immunodeficiency viruses is an example of a 
pathogen for which classical vaccine development 
strategies have not yielded effective control to date. 

The first broad category of classical vaccine is live 
10 attenuated vaccines. A live attenuated vaccine represents 
a specific strain of the pathogenic virus, or bacterium, 
which has been altered so as to lose its pathogenicity , 
but not its ability to infect and replicate in humans. 
Live attenuated vaccines are regarded as the most 
15 effective form of vaccine because they establish a true 

infection within the individual. The replicating pathogen 
and its infection of human cells stimulates both humoral 
and cellular compartments of the immune system as well as 
long lasting immunological memory. Thus, live attenuated 
20 vaccines for viral and intracellular bacterial infections 
stimulate the production of neutralizing antibodies as 
well as stimulating the production of cytotoxic 
t-lymphocytes (CTLs), usually after only a single 
inoculation. The ability of live attenuated vaccines to 
25 stimulate the production of CTLs is believed to be an 

important reason f or .the comparative effectiveness of live 
attenuated vaccines. CTLs are recognized as the main 
component of the immune system responsible for the actual 
clearing of viral and intracellular bacterial infections. 
30 CTLs are triggered by the production of foreign proteins 
in individual infected cells of the hosts, the infected 
cells processing the antigen and presenting the specific 
antig nic d terminants on th c 11 surface for 
immunological recognition. The induction of CTL immunity 
35 by attenuated vaccin s is du to th establishm nt of an 
actual, though limited, infection in th host c lis 
including the production of foreign antigens in the 
individual inf cted cells. Th vaccination process 
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th induction of immunological memory, which manif sts 
its If in the prompt expansion of specific CTL clon s and 
antibody-producing plasma cells in the event of future 
exposure to a pathogenic form of the infectious agent, 
resulting in the rapid clearing of this infection and 
practical protection from disease. 

An important disadvantage of live attenuated vaccines 
is that they have an inherent tendency to revert to a new 
virulent phenotype through random genetic mutation. 
Although statistically such a reversion is a rare event 
for attenuated viral vaccines in common use today, such 
vaccines are administered on such a large scale that 
occasional reversions are inevitable, and documented cases 
of vaccine-induced illnesses exist, in addition, 
15 complications are sometimes observed when attenuated 
vaccines lead to the establishment of disseminated 
infections due to a lowered state of immune system 
competence in the vaccine recipient. Further limitations 
on the development of attenuated vaccines are that 
20 appropriate attenuated strains can be difficult to 

identify for some pathogens and that the frequency of 
mutagenic drift for some pathogens can be so great that 
the risk associated with reversion are simply 
unacceptable. A virus for which this latter point is 
25 particularly well exemplified is the human 

immunodeficiency virus (HIV) in which the lack of an 
appropriate animal model, as well as an incomplete 
understanding of its pathogenic mechanism, makes the 
identification and testing of attenuated mutant virus 
30 strains effectively impossible. Even if such mutants 

could be identified, the rapid rate of genetic drift and 
the tendency of retroviruses, such as HIV, to recombine 
would lik ly 1 ad to an unacc ptabl level of instability 
in any attenuated phenotype of the virus. Du to these 
35 complications, th production of a liv att nuat d vaccine 
for c rtain viruses may be unacceptable, ev n though this 
approach ffici ntly produces the desired cytotoxic 
c llular immunity and immunological memory. 
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recnUre multiple moculatioj TtotcIL'T "** * 
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can be long lasting. TheTvaccTL 

effective at preventing " *"*<*«rlT 

^teria, ,J.T^£t~ H 
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gen rally fail to produce a cytotoxic cellular immune 
r sponse, making them less than ideal for pr venting viral 
diseas . Since cytotoxic lymphocytes are the primary 
vehicle for the elimination of viral infections, any 
5 vaccine strategy which cannot stimulate cytotoxic cellular 
immunity is usually the less preferred methodology for a 
virus disease, thereby resulting in attenuated virus being 
the usual methodology of choice. 

The development of recombinant DNA technology has now 
made possible the heterologous production of any protein, 
of a microbial or viral pathogen, or part thereof, to be' 
used as a vaccine. The vaccine constituents thus do not 
need to be derived from the actual pathogenic organism 
itself, in theory, for example, viral surface 
glycoproteins can be produced in eukaryotic expression 
systems in their native conformation for proper 
immunogenicity. However, in practice, recombinant viral 
protein constituents do not universally elicit protecting 
antibody responses. Further, as with killed vaccines, 
cellular cytotoxic immune responses are generally not 'seen 
after inoculation with a recombinant subunit protein. 
Thus, while this vaccine strategy offers an effective way 
of producing large quantities of a safe and potentially 
immunogenic viral or bacterial protein, such vaccines ar 
capable of yielding only serum antibody responses and thus 
nay not be the best choice for providing protection 
against viral disease. 

The availability of recombinant DNA technology and 
the developments in immunology have led to the 
immunological fine mapping of the antigenic determinants - 
of various microbial antigens, it is now theoretically 
possible, therefore, to develop chemically synthetic 
vaccines based on short peptid s in which each peptid 
r pres nts a distinct pitop or determinant. Progr ss 
has been made in identifying helper T-cell determinants, 
which are instrum ntal in driving B-cell or antibody 
immune r spons s. The covalent linkage of a helper T-cell 
P ptid to a peptid r pr s nting a B-cell pitope, or 
antibody binding site, can dramatically increase the 
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immunogenicity of th B-cell epitop . Unfortunately, many 
natural antibody binding sites on viruses are 
conformational^ dependent, or are composed of more than 
one peptide chain, such that the structure of the epitope 
5 on the intact virus becomes difficult to mimic with a 

synthetic peptide. Thus peptide vaccines do not appear to 
be the best vehicle for the stimulation of neutralizing 
antibodies for viral pathogens. On the other hand, there 
is some preliminary evidence that peptides representing 
10 the determinants recognized by cytotoxic T-lymphocytes can 
induce CTLs, if they are targeted to the membranes of 
cells bearing class I major histocompatibility (MHC) 
antigens, via coupling to a lipophilic moiety. These 
experimental peptide vaccines appear safe and inexpensive, 
15 but have some difficulty in mimicking complex three 

dimensional protein structures, although there is some 
evidence that they can be coaxed into eliciting cytotoxic 
immunity in experimental animals. 

Another new recombinant technique which has been 
proposed for vaccines is to create live recombinant 
vaccines representing non-pathogenic viruses, such as a 
vaccinia virus or adenovirus, in which a segment of the 
viral genome has been replaced with a gene encoding a 
viral antigen from a heterologous, pathogenic virus. 
25 Research has indicated that infection of experimental 
animals with such a recombinant virus leads to the 
production of a variety of viral proteins, including the 
heterologous protein. The end result is usually a 
cytotoxic cellular immune response to the heterologous 
protein caused by its production after inoculation. Often 
a detectable antibody response is seen as well. Live 
recombinant viruses are, therefore, similar to attenuated 
viruses in their mod of action and result in immun 
respons s, but do not exhibit the tendency to r vert to a 
35 m re virulent phenotype. On th other hand, the strategy 
is not without disadvantag in that vaccinia virus and 
adenovirus, though non-pathogenic, can still induce 
pathogenic infections at a low frequency. Thus it would 
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xndividuals, du to th possibility of a catastrophic 
disseminated infection, m addition, the ability of th s 
vaccines to induce immunity to a heterologous protein may 
be compromised by. pre-existing immunity to the carrier 
virus, thus preventing a successful infection with the 
recombinant virus, and thereby preventing production of 
the heterologous protein. 

in summary, all of the vaccine strategies described 

r< 9 " Unl9Ue advanta ' M and disadvantage, which 
limit their usefulness against various infectious agents. 
Several strategies employ non-replicatlng antigens, while 

a^tiLl ^ USed f ° r the lndUCtlon °< 

antibodies which may be neutralizing, such vaccines 

reouire multiple and dQ ^ 9 

ImunAy. Pot viral dl8eas9( attenuated ^ 
regarded as the most effective, due to their ability to 
produce potent cytotoxic immunity and lasting 

caZr^'r 1 r^- However ' safe « va C ci».s • 

cannot be developed for all viral pathogens. 

whin." 18 *"""•*"" deslra,>la «»« vaccine, be developed 
which are capable of producing cytotoxic immunity 
immunological memory as well as the production of' 
circulating antibodies, without having any unacceptable 
risk of pathogenicity, or mutation, or recombination of 
the virus in the vaccinated individual. 

""tit -f th» jnY-n»fl-n 

The present invention is summarised in that an animal 

HtZT^V 9aLnSt " TlrUS * ' 9ene " C nation 
method including th. step, of preparing copies of a 

foreign genetic construction including a promoter 

operative in cell, of the animal and a protein coding 

region coding for a determinant produced by the virus 

coating th copies of the for ion genetic construction 

35 T° """I Pa " 1CleS ^ *" 9i " ln 1 to th 

35 ,iz of th c 11, of th animal, and acc leratin, th 

coated carri r particl s into cell, of the animal in^. 

Th pr sent inv ntion is also summarized in that a 

gen tic vaccine for the human immunodeficiency .virus (HIV) 
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is created by joining a DNA sequence encoding all of the 
open reading frames of the viral genom , but not the long 
terminal repeats or primer binding site, to a promoter 
effective in human cells to make a genetic vaccine and 
5 . then transducing the genetic vaccine into cells of an 
individual by a particle mediated transfection process. 

It is an object of the present invention to enable 
the induction of a cytotoxic immune response in a 
vaccinated individual to a viral pathogen through the use 
10 of a genetic vaccine. 

It is a feature of the present invention in that it 
is equally adopted to either epidermal or mucosal delivery 
of the genetic vaccine or delivery into peripheral blood 
cells, and thus may be used to induce a serum as well as a 
15 mucosal antibody response in the treated individual. 

It is an advantage of the genetic vaccination method 
of the present invention in that it is inherently safe, is 
not painful to administer, and should not result in 
adverse consequences to vaccinated individuals. 

Other objects, advantages and features of the present 
invention will become apparent from the following 
specification. 

Brief Descrip tion of the Drawings 
Fig. 1 is a plasmid map, showing genes and 
25 restriction sites, of the plasmid pWRG1602. 

Pig. 2 is a plasmid map of the genetic vaccine 
plasmid pCHIVpAL. 

Fig. 3 is a graphical illustration of some of the 
results from one of the examples below. 
30 Fig. 4 is a graphical illustration of the results 

from another of the examples below. 

Description of th e Preferre d Bm)w<< mar » 
Th present inv ntion is intended to create g netic 
vaccines for viruses, notably the immunod fici ncy 
35 viruses, by transfecting somatic cells in th animal to be 
immunized with a gen sequ nee capabl of causing 
expression in cells of the animal the antigenically 
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correct proteins from the pathogenic virus, th gene 
sequenc not including elements of th viral g nome 
necessary for viral replication or pathogenesis. The 
introduction of such a genetic vaccine construction into 
5 animal somatic cells is intended to mimic the actions of 
attenuated or live recombinant viruses without the risk of 
pathogenic infection in either healthy or 
immune-compromised individuals. The introduction of the 
genetic vaccine will cause to be expressed within thos 
10 cells the structural protein determinants associated with 
the virus particle. The processed structural proteins 
will be displayed on the cellular surface of the 
transfected cells in conjunction with the major 
histocompatibility complex (MHC) antigens of the normal 
cell. The display of these antigenic virus determinants 
in association with the MHC antigens is intended to elicit 
the proliferation of cytotoxic T-cell clones specific to 
the viral determinants. Furthermore, the structural 
proteins released by the expressing transfected cells can 
also be picked up by antigen presenting cells to trigger 
antibody responses. The genetic vaccine construction 
-capable of eliciting this immune response is preferably 
delivered into the transfected cells by means of an 
accelerated-particle transformation system. 

For several reasons, the genetic vaccine approach of 
the present invention is particularly advantageously used 
for vaccination against immunodeficiency viruses, such as 
human immunodeficiency virus (HIV) and related animal 
viruses, simian immunodeficiency virus (SIV) and feline 
immunodeficiency virus (FIV). The HIV virus does not lend 
itself to attenuated vaccine approaches due to the 
inherent possibility of reversion of mutated forms of this 
virus. Whil viral protein subunit vaccin a for th se 
viruses ar under d v lopment, such subunit vaccines 
35 cannot produc a cytotoxic response, which may be 

nec ssary to pr v nt th establishm nt f HIV infection or 
HIV-related dis as . Th use of a genetic vaccin 
transf ction strategy as described her would trigger a 
cytotoxic response. Also this vaccine approach allows for 
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d livery to mucosal tissues which may aid in conf rring 
resistance to viral introduction, which with HIV is 
believed to sometimes occur through mucosal membranes. 

In order to achieve the cellular immune response 
sought in the vaccination process of the present 
invention, a genetic vaccine construction must be created 
which is capable of causing transfected cells of the 
vaccinated individual to express the major antigenic 
determinants from the virus. This can be done by 
identifying the coding regions for the various proteins 
which are encoded by the genome of the virus, creating a 
synthetic coding sequence for each such protein, and 
joining each of such coding sequences to promoters capable 
of expressing the sequences in mammalian cells . 
Alternatively, the viral genome itself can be used. For a 
retrovirus, the coding sequence can be made from the DNA 
form of the viral genome, the provirus, as long as the 
provirus clone has been altered so as to remove from it 
the sequences necessary for viral replication in 
infectious processes such as the long terminal repeats and 
the primer binding site. Such a provirus clone would 
inherently have the mRNA processing sequences necessary to 
cause expression of all of the viral structural proteins 
in transfected cells. 

The viral genetic material must be altered to prevent 
the pathogenic procesa from beginning. The method of 
altering the virus will vary from virus to virus. The 
immunodeficiency virus is a retrovirus carrying its 
genetic material in the form of RNA. During the normal 
infection process, the RNA. is processed by an enzyme, 
referred to as reverse transcriptase, which converts the 
RNA sequence of the virus into a DNA form, known as the 
provirus. Th provirus for the human immunodefici ncy 
virus (HIV) has as many as a doz n open reading frames, 
35 all of which ar translat d to produce proteins during the 
infectious process. Some f the prot ins ar structural, 
and thers are regulatory for steps in th infectious 
process. As it happens, all of th proteins produced from 
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precursor which is differentially spliced to produc a 
variety of differ ntly spliced RNA products, which ar 
translated into the various proteins expressed by the 
virus. Advantageously, it would be helpful if the 
5 transfected cell utilized in the vaccination process of 
the present invention expressed as many of the viral 
structural proteins as possible. Accordingly, it would b 
desirable to use as nmch as possible of the provirus as 
the genetic vaccine coding sequence for this genetic 
vaccine, assuming only that sufficient portions are ' 

ZZll^" ^ PrOVirU8 80 " t0 " of 

xnitiating a viral replication stage in a vaccinated 

individual . 

A convenient strategy for achieving this objective 

it i*?:*" hiv or siv viruses is «— - ^ £ 

that the infectious viruses have important genetic 
elements necessary for replication of the viral genome, 
known a. the long terminal repeat (LTR, elements and the 
primer binding site, and which are located at the end. of 
the native provirus sequence. The primer binding site is 
the site on the viral RNA where a faa recognise, the 
~ral RNA, and bind, to it to .erve a. a primer fot ^ 
initiation of the reverse transcription process. Both the 
MR elements and the primer binding site are necessary T 
permit reverse transcription to occur. Removing either 
the LiR. or the primer binding site would is**d e viral 
replication. Removing both the MRs and the primer 
binding site from the DHA provirus ensures that the 
genetic sequence thus created is Incapable of causing 
viral replication or the encoding of pathogenic viral 
particles. • 

Thus, the use of intact viral coding regions for 
•tructural and r gulatory proteins is preferred for the 
present invention, both for reasons of conveni nt genetic 
vaccine assembly and to ensure th correct production of 
a. many yiral proteins a, possible to eff ctively mimic a 
natural inf ction. However, in som instances it may b 
desirable and sufficient to express only one or a few 
viral prot ins without producing the whole set of „„-„, 
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proteins. This can be done by assembling an individual 
xpression v ctor for each desired viral protein using - 
standard recombinant techniques. 

To properly express the viral genetic sequence in 
transfected cells, a promoter sequence operable in the 
target cells is needed. Several such promoters are known 
for mammalian systems which may be joined 5', or upstream, 
of the coding sequence for the protein to be expressed. A 
downstream transcriptional terminator, or polyadenylation 
sequence, may also be added 3' to the protein coding 
sequence. 

In order to be effective as a genetic vaccine, a 
method is required to deliver the genetic sequence 
encoding the viral proteins into the cells of the 
15 individual sought to be immunized. There are several 
techniques by which genes can be delivered into the 
somatic cells of mammals subject to immunodeficiency viral 
disease. Known techniques include direct DMA injection, 
use of retroviral vectors to deliver genetic sequences 
into somatic cells, or the delivery of DMA in liposomes or 
other encapsulation agents which can direct the delivery 
of the encapsulated DNA into one or more cell types of a 
susceptible individual. However, it is preferred for the 
present invention that the DMA be transferred into the 
25 susceptible individual by means of an accelerated particle 
gene transfer device. k The technique of 

accelerated-particle gene delivery is based on the coating 
of genetic constructions to be delivered into cells onto 
extremely small carrier particles, which are designed to 
be small in relation to the cells sought to be transformed 
by the process. The coated carrier particles are then 
physically accelerated toward the ceils to be transform d 
such that th carrier particl s lodg in the interior of 
th target cells. This t chnique can be used either with 
cells In vitro or in vivo . At some frequency, th DNA 
which has been previously coated onto th carrier 
particles is expressed in the targ t cells. This gene 
expr ssion t chnique has b en demonstrated to work in 
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high r plants and animals. Thus, the accelerat d 
particle method provides a convenient methodology for 
delivering genes into the cells of a wide variety of 
tissue types, and offers the capability of delivering 
those genes to cells in situ and in viv Q without any 
adverse impact or effect on the treated individual. 

The general approach of accelerated particle gene 
transformation technology is described in U.S. Patent No 
4,945,050 to Sanford. An instrument based on an improved 
variant of that approach is available commercially from 
Biorad Laboratories. An alternative approach to an 
accelerated particle transformation apparatus is disclosed 
in U.S. Patent No. 5,015,580 which, while directed to the 
transformation of soybean plants, describes an apparatus 
which is equally adaptable for use with mammalian cells 
and intact whole mammals. 

It is also specifically envisioned that aqueous 
droplets containing naked DNA, including the viral genetic 
vaccine therein, can be delivered by suitable acceleration 
techniques into the tissues of the individual sought to be 
vaccinated. A t some frequen ce ^ such Jgaked" DNA will be 

taken up in the treated tissuesT " 

The term transfected. is used herein to refer to cells 
which have incorporated the delivered foreign genetic 
vaccine construction, whichever delivery technique is 
used. The term transfection is used in preference to the 
term transformation to avoid the ambiguity inherent in th 
latter term, which is also used to refer to cellular 
changes in the process of oncogenesis. 

Whether the accelerated particle device or direct DNA 
injection is to be utilized, a genetic vaccine can be 
delivered in a non-invasive manner to a variety of 
susceptible tissue types in order to achieve th desired 
antigenic response in th individual. Most conveni ntly, 
35 th genetic vaccin can b introduced into the epidermis 
Such d liv ry it has been found, will produc a systemic 
humoral immun respons and will likely also stimulat a 
cytotoxic immun r spons . To obtain additional 
eff ctiveness from this technique, it mav also b* 
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desirable that the genes be delivered to a mucosal tissu 
surface, in ord r to ensure that a mucosal as w 11 as a 
systemic antigenic response is produced in the vaccinated 
individual, it is envisioned that there are a variety of 
5 suitable delivery sites available including any number of 
sites on the epidermis, peripheral blood cells, i.e. 
lymphocytes , which could be treated in vitro and placed 
back into the individual, and a variety of oral, upper 
respiratory, and genetal mucosal surfaces. 
10 The adequacy of the immunodeficiency virus vaccine 

expression vectors to be transfected into cells by 
accelerated particle transfection processes . can be 
assessed by assaying for viral antigenic production in 
mamma lian cells in vitro. Susceptible mammalian cells of 
15 a cell type which can be maintained in culture, such as 

monkey COS cells, can be transfected in vitro by any of a 
number of cell transfection techniques, including calcium- 
phosphate-mediated transfection, as well as accelerated 
particle transfection. Once the genetic vaccine 
expression vector is introduced into the susceptible 
cells, the expression of the viral antigens can then be 
•monitored in medium supernatants of the culture of such 
cells by a variety of techniques including ELISA, Western 
blotting, or reverse transcriptase assay. 
25 After confirmation that a given expression vector is 

effective in inducing the appropriate viral protein 
production in cultured cells in vitro , it can then be 
demonstrated that such a vector serves to induce similar 
protein production in a small animal model such as the 
30 mouse. The measurement of antibody and cytotoxic cellular 
immune responses in mice in response to such a genetic 
vaccine would be an important demonstration of the concept 
and justify the initiation of mor rigorous t sting in an 
appropriat animal chall ng mod 1. 
35 Once it is d termined that th genetic vaccine is 

capable of inducing viral protein production and immun 
r sponses in small laboratory animals, it then b comes 
n cessary tb d t rmine the dosage and timing suitable to 
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forestall or impede the progression of disease. It is 
also important to consid r that no single vaccin strategy 
may in itself be capable of inducing the variety of 
immunological responses necessary to either achieve 
prophylaxis in healthy individuals or forestall 
progression of disease in infected patients. Rather, a 
combination of approaches may demonstrate a true synergy 
in achieving these goals. Thus, it is conceivable that a 
combined vaccine approach incorporating a genetic vaccine, 
which mimics a true infection, and a killed or subunit 
vaccine would be an attractive way to efficiently achieve 
cytotoxic immunity and immunological memory as well as 
high levels of protective antibody. Genetic vaccines 
should serve as a safe alternative to the use of live 
15 vaccines and could be used in a variety of immunization 
protocols and in combination with other vaccines to 
achieve the desired results. 

EXAMPLES 



10 



20 



1. Construction of Vectors 

The genetic sequences for the human immunodeficiency 
virus (HIV) and simian immunodeficiency virus (SIV) have 
been fully determined, published, and are generally 
available. For example, the DNA sequence for the HIV 
strain designated LAV-1/BRU is found in GenBank at 
25 Accession Number K02013, and the nucleotide positions 

referred to below are from that sequence. Samples of both 
HIV and SIV are readily available to qualified 
experimenters through appropriate depositories in health 
research facilities. 
30 The HIV genetic vaccine expression vector was 

constructed to include an 8266 base pair fragm nt derived 
from the proviral g nome of HIV strain LAV-1/BRU. The 
fragment was the portion of th HIV DMA provirus sequenc 
beginning at the Sac I sit in nucleotid position 678 and 
35 ending at the Xh I sit at nucleotide number 8944 (th 
nucl otide numbering conv ntion used here assumes that 
nucleotide number 1 corresponds to the first nucleotid of 
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the U3 region of the 5' MR). This designat d fragment of 
th HIV g nome contains all of the viral open reading 
frames, excepting only for a portion which encodes the 
carboxyl terminus- of the nef protein. This fragment, one 
transcribed, results in an mRNA which contains all of the 
splxcing donor and acceptor sites necessary to effectuate 
the RNA splicing pathways actuated in an infected cell 
during the pathogenic process initiated by the HIV virus . 

This coding sequence fragment must be coupled to a ' 
promoter capable of expression in mammalian cells in ord r 
to achieve expression of the viral antigenic proteins in a 
susceptible cell. Once coupled to a promoter, this coding 
sequence fragment leads to the expression of the major 
open reading frames from the virus (including gag, pol 
and env) and makes use of the native ribosomal frame 
shifting and mRNA processing pathways, in the same fashion 
as would be utilized by the virus itself. However, this . 
fragment does lack certain viral genetic elements 
necessary for replication of the viral genome, Including 
specifically the long terminal repeat (LTR) elements and 
the primer binding site. Thus the fragment is incapable 
of reverse transcription, thus inhibiting any potential 
pathogenic process from occurring with this genetic 
sequence. 

To couple the coding sequence encoding the HIV 
antigens to a promoter capable of expression in mammalian 
cells, the human cytomegalovirus (HCMV) immediate early 
promoter was used. An expression cassette had been 
constructed, designated pWRG1602, which is illustrated by 
the plasmid map of Figure 1. The plasmid pWR G1602 yields 
a 660 base pair Eco Rl and Bam HI restriction fragment 
which contains sev ral synthetic restriction sit s which 
had b en added to th end of a 619 base pair region 
containing th HCMV immediate arly promot r. 

The transcription t rmination segment utilized was a 
polyadenylation sequenc from the SV40 virus. Th SV40 
polyadenylation fragm nt is an approximat ly 800 base pair 
fragment (obtained by Bgl n and Bam HI dig stipn) derived 
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availabl from the Bethesda Research Labs, catalog number 
5369SS. The same polyadenylation fragment is also 
described in Subramani, et al., Mol. Cell. Biol. , 
1:854-864 (1981). This fragment also contains a small 
5 SV40 intervening sequence near the Bgl II end, with the 

SV40 polyadenylation region lying toward the Bam HI end of 
the fragment. 

An HIV genetic vaccine expression plasmid, designated 
pCHIVpAL, was constructed in the following manner. The 
10 800 base pair SV40 fragment from psv2dhfr was treated with 
Klenow DNA polymerase to "fill in' the overhanging 
termini. In parallel, a quantity of Bluescript M13+SK DNA 
cleaved with Xho I (Accession Number X52325, with the Xho 
I site at position 668) and similarly treated with Klenow 

15 DNA polymerase. The two fragments were ligated resulting 
in a plasmid designated pBSpAL. The orientation of the 
SV40 fragment in the Bluescript vector was such that the 
Bam HI end, or the end containing the polyadenylation 
site, was oriented toward the main body of the polylinker 

20 contained in the plasmid. 

Quantities of the plasmid pBSpAL were then digested 
with the restriction enzymes Sac I and Sal I to create a 
plasmid having compatible ends for ligation to a fragment 
created by Xho I and Sac I digestion. To this plasmid was 

25 ligated the 8266 base pair fragment from the HIV provirus, 
resulting in a plasmid designated pHIVpAL, which now 
contains the HIV antigenic determinants coding region 
followed by the SV40 polyadenylation signal. 

Then the plasmid pHIVpAL was cleaved with the 

30 restriction enzyme Sac I, and the 3' overhanging ends were 
deleted using Klenow DNA polymerase. Into the opening 
thus created, the 660 bas pair fragment containing th 
HCMV promoter (the ends of which had been fill d with 
Klenow DNA polym rase) was inserted. 

35 The r suit is the plasmid d signated in Figure 2 

which contains, oriented 5' to 3', the HCMV immediat 
early promoter, the 8266 base pair fragment from the HIV 
genom encoding all the important open r ading fram s on 
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construct served as a genetic vaccin construction for th 
method of the present invention. 

The SIV expression vector was constructed in a mann r 
analogous to the HIV expression vector except utilizing, 
in lieu of the HIV gene sequence, an 8404 base pair 
fragment from the proviral genome of SIVmac239 (found in 
GenBanJc at Accession No. M33262), beginning at the Nar I 
site at nucleotide position 823 and ending at the Sac I 
site at nucleotide position 9226 (following the same 
nucleotide numbering convention as with the HIV) . The SIV 
genome expression fragment can be substituted for the HIV 
genome fragment plasmid pCHIVpAL above. 

2 * introduction of Genetic VaetHn * into f!AlT 3 in Cull-.i»-q 

To verify the ability of the genetic construct to 
express the proper antigenic proteins in mammalian cells, 
an in vitro test was conducted. 

Quantities of the plasmid pCHIVpAL were reproduced la 
Zitro. Copies of the DNA of this plasmid were then coated 
onto gold carrier particles before transfection into cells 
20 in culture. This was done by mixing 10 milligrams of 
precipitated gold powder (1.5 micron average diameter) 
with 50 microliters of 0.1 M spermidine and 25 micrograms 
of DNA of the plasmid pCHIVpAL. The mixture was incubated 
at room temperature for 10 minutes. Then, 50 microliters 
of the 2.5 M CaCl 2 was added to the mixture, while 
continuously agitating, after which the sample was 
incubated an additional 3 minutes at room temperature to 
permit precipitation of the DNA onto the carrier 
particles. The mixture was centrifuged for 30 seconds in 
a microcentrifuge to concentrate the carrier particles 
with the DNA thereon, after which th carri r particl s 
w re washed gently with thanol and r suspended in 10 
milliliters of thanol in a glass capped vial. Th 
r suspension of the carri r particl s in the than 1 was 
aided by immersion of th vial in a sonicating wat r bath 
for several seconds. 

The DNA-coated carri r particles w re then layer d 

Onto 35 mill <mofa^» «?m* 3 ^ A -i ^ _ * - - 
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side) at a rate of 170 microliters of DNA-coated gold 
carrier particles per mylar sheet. This was done by 
applying the ethanol suspension of the carrier particles 
onto the carrier sheet and then allowing the ethanol to 
evaporate. The DNA-coated gold particles on each mylar 
sheet were then placed in an accelerated particle 
transformation apparatus of the type described in U.S. 
Patent No. 5,015,580, which utilizes an adjustable 
electric spark discharge to accelerate the carrier 
particle at the target cells to be transfected by the 
carrier OKA. 

Meanwhile, a culture of monkey COS-7 cells had been 
prepared in a 3.5 cm culture dish. The medium was 
temporarily removed from the COS cells, and the culture 
15 dish was inverted to serve as the target surface for the 
accelerated particle transfection process. A spark 
discharge of 8 kilovolts was utilized in the process 
described in more detail in the above-identified U.S. 
Patent No. 5,015,580. After the particle injection into 
the cells, two milliliters of fresh medium was added to 
the culture dish to facilitate continued viability of the 
cells . 

Twenty-f our hours following the accelerated particle 
delivery, the medium was harvested from 35 culture dishes 

25 of the cells and concentrated to test for high molecular 
weight HIV antigens . k The medium was concentrated by high 
speed centrifugation. 0.5 milliliters of the 
unconcentrated medium was set aside for future 
determination of HIV p24 content, using a commercial ELISA 

30 kit. Fresh growth medium was added to the plates to allow 
continued monitoring of HIV antigen production. The 
harvested medium was cleared of cellular debris by first 
c ntrifuging it 1500 RPM in a standard laboratory 
centrifuge, and then filt ring it through a 0.45 micron 

35 membran . The cleared filtrate was lay red g ntly onto 1 
milliliter cushions of .20% glycerol, 100 *mM KC1, 50 mM 
Tris-HCl, pH 7.8 In each of 6 ultracentrifuge tubes 
(Beckman SW41 rotor) . Th samples were centrifuged at 
35,000 RPM for 70 
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gpl20 band in the positive control, which was believed t 
be due to differences in glycosylation . 

To further demonstrate the production of HIV 
determinants in monkey COS cells, growth medium from 
treated cells was analyzed using a Coulter HIVp24 antigen 
assay kit (Catalog number 6603698). Samples of growth 
medium from the first three 24 hour periods following gen 
delivery were assayed for p24 antigen content, and showed 
to contain 42, 30, and 12 nanograms per milliliter 
respectively of the p24 antigen. These values reflect the 
amount of p24 antigen released into the medium during each 
24 hour period, since the growth medium for the cells was 
changed completely each day following treatment. Parallel 
samples from non-treated COS cells exhibited no 
15 reactivity. 

3 - Detection of Viral Ant i aen in the skin of Tntact Mice 

An accelerated particle transfection protocol was 
then used to deliver the plasmid pCHIVpAL into the skin of 
intact whole mice. It has previously been demonstrated 
that accelerated particles may be utilized to deliver 
genes into the epidermis or dermal layer of intact animals 
and that the genes will express once delivered. Copies of 
the plasmid pCHIVpAL were coated onto gold carrier 
particles, as described in the prior example, except that 
25 five micrograms of the plasmid was used per milligram of 
the gold carrier particles and the preparation was 
suspended in ethanol at a concentration of 5 mg of carrier 
particle per ml of ethanol. One hundred sixty- three 
microliters of this suspension was loaded onto each of two 
carrier sheets, for use in a particle acceleration 
protocol into intact whole mice. Two additional 
suspensions of th gold carrier particl s wer prepared as 
controls. Th first contr 1 preparation utilized a 
plasmid containing the human growth hormone gen , and th 
sec nd was pr pared without the addition of any DNA onto 
th gold carrier particl s. Six Balb/C mice were 
anesthetized with 50 micr liters of a 10:2 mixtur of 
K tamine/Rompin, and the abdominal hairs of the m*™ „™ 
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4 « Detection of Ser um loG Antibodies Specific to 
HIV p24 in Vaccinated Mice 

The next experiment was conducted to test the ability 
of mice to exhibit a systemic immune response to foreign 
proteins expressed as a result of gene delivery into 
epidermal cells of the mice. Copies of the plasmid 
pCHIVpAL were created and coated onto gold carrier 
particles as described in Examples 1 and 2 above, except 
that 10 micrograms of plasmid DNA was used per milligram 
of the gold carrier particles. As a control, a 
heterologous plasmid containing the human growth -hormone 
gene was also used for preparing plasmid-coated gold 
carrier particles for in vivo gene delivery. For this 
IS example, 5.0 micrograms of DNA was used per milligram of 
gold carrier particles due, to the smaller size of human 
growth hormone plasmid, and so as to have approximately 
the same number of copies of the plasmid delivered to the 
cells in vivo . 

Ten male Balb/C mice (5 to 7 weeks old) were divided 
into three groups of four, three, and three mice, 
respectively. A first step of priming immunization was 
"conducted on the four mice in group 1, in which each 
received a single treatment of accelerated particles 
25 coated only with the growth hormone plasmid. The 

acceleration was conducted at 25 kv by the method as 
described in Example i above. The three mice in group 2 
each received a single treatment of gold carrier particles 
coated with the plasmid pCHIVpAL. The mice in group 3 
30 each received three abdominal treatments of accelerated 

particles which were coated with pCHIVpAL . m the case of 
group 3, the blast areas were arranged so as not to be 
overlapping. The blasting routin for all three of the 
groups was r peated four and seven we ks later in order to 
35 boost the immune responses. Bight to ten days following 

th last treatment, retro-orbital blood samples wer taken 
from each mouse and allowed to coagulat at 4 C in 
micr tainer tub s. Following centrifugation at 5000 RPM, 
the serum was collected. 
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An assay was n xt conducted to d tect HIV 
p24-specific antibodies in the mous serum by an nzvme 
immunoassay. This assay was performed by adsorbing T.i 

5 Bio-Technologies, inc.) to each well of a 96 well 

M?elT fj"" ^ 50 " 1Cr0Uter DUlb6CC °' S P h ° 8 P«"° 
buffered saline (D-PBS) by incubating overnight at 4»C. 

Mnd^ n9 ( : d80rbti0n ° f antl " n ' «» Protein 
binding sites were blocked by the addition of D-PBS 

10 containing 2* Carnation non-fat dry milk (200 microliters 

Per well, for two hours. The well, were then washed ^ 

times „th 300 microliter. D-P BS containing 0.025% 

Tween-20. The seru* samples of 5 microliters each were 

15 sine 1 ! \\ 10 / lth D - PBS <45 «- addedTa 

15 single well following which they were incubated at room 

temperature for one hour. After washing with D-PBS 
Tveen-20 as described above, the presence of bound mouse 
antibody was detected using a goat-anti-mouse alkaline 
phosphatase conjugated second antibody (Bio-Had 
» number 172-1,15, dilute, I<1500 J,'!^' 
microliters per well,. Mter lneubation fot 3 „ ^ 
room temperature, the wells were washed again and^e 
conjugate antibody «. detected using a Bio-Rad alkaline 

5 £ T f 8Ub,tt " e Wt (Catal09 No - "»-»«> -—Sr 

5 to the manufacturer's instructions. The ELISA plate was 
analysed on a microplate reader using a 405 nm filter 

The result, of this assay are illustrated in Figure 

I "Z ° C ° at8d 9 ° ld and two Lee 

from the group which received three blasts of the .«» 

Particles exhibited .ignificant P 24-specific antibody 
response. (5 to 10 fold above background). All of th 

"JLTT *", COntX01 «"">"ed typical background 

ELISA r activity. This xa-ple demonstrat s the 
f asibility of inducing antigen-specific antibody • 
« .pons . following epidermal delivery of antigen- needed 
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Thus It is demonstrated that circulating 1 v Is of 
antibodies to an immunodeficiency virus antig ns can be 
created in vivo by delivering into the patient not 
quantities of the antigenic proteins of the virus, or the 
5 virus itself, but rather by instead delivering into the 

patient to be treated gene sequences causing expression of 
the antigenic proteins in cells in the vaccinated 
individual. This method thus enables the creation of a 
serum antibody response in vaccinated individuals without 
10 the necessity for delivering into the individual either 

any portions of live virus or any portions of the genetic 
material which are capable of effectuating replication of 
the virus in individuals. 
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6. Am thod as claimed in claim 1 wher in the 
protein coding region includes DNA sufficient to code for 
all of the determinants encoded by the viral genome but 
omitting sequences essential for viral replication. 



7. A method of inducing an immunological response 
to a viral antigen in an individual comprising 

(a) Preparing copies of a foreign genetic 
construction including a promoter operative in cells of 
the individual and a protein coding region coding for a 
determinant of the viral antigen, the foreign genetic 
construction not including sequences necessary for 
replication of the virus.; 

(b) coating the copies of the foreign genetic 
construction onto carrier particles small in size in 
relation to the size of the cells of the individual; and 

(c) accelerating the coated carrier particles into 
cells of the animal in vivo. 



8. A method as claimed in claim 7 wherein the 
carrier particles are coated onto a planar carrier sheet 
and accelerated by a gaseous discharge in order to 
accelerate the carrier particles at the animal. 



25 9. A method as claimed in claim 7 wherein the 

carrier particles are directed at the skin of the animal. 



10. A method as claimed in claim 7 wher in the 
carrier particles are dir cted at th mucosal membran s of 
30 th animal. 
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11. Am thod as claimed in claim 7 wherein th 
carrier particl s ar directed at the peripheral blood 
lymphocytes of the animal. 



12. A method as claimed in claim 7 wherein the 
protein coding region includes DNA sufficient to code for 
all of the determinants encoded by the viral genome. 
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13. A method of inducing an immunological response 
to an immunodeficiency virus in a primate comprising the 
steps of 

(a) preparing copies of a foreign genetic 
construction including a promoter operative in cells of 
the primate and a protein coding region including all of 

15 the open reading frames of the viral genome, the foreign 
genetic construction not including regions necessary for 
reverse transcription or viral replication; 

(b) coating the copies of the foreign genetic 
.construction onto carrier particles small in size in 
relation to the size of the cells of the primate; and 

(c) accelerating the coated carrier particles into 
cells of the primate in vivo . 



20 



14. A method as claimed in claim 13 wherein the 
carrier particles are coated onto a planar carrier sheet 
and accelerated by a gaseous discharge in order to 
accelerate the carrier particles at the animal. 



30 



15. A method as claimed in claim 13 wh rein th 
carri r particles are directed at the skin of th animal. 
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16. A method as claim d in claim 13 wh r in the 
carrier particles are directed at the mucosal membranes of 
the animal. 



10 



15 



17. A method as claimed in claim 13 wherein the 
carrier particles are directed at peripheral blood cells 
of the animal. 



18. A method as claimed in claim 13 wherein the 
regions necessary for reverse transcription are the long 
terminal repeat sequences and the primer binding site. 



19. A DNA construction comprising a promoter 
effective in human cells upstream of a DNA sequence 
derived from an immunodeficiency virus and including all 
of the reading frames from the virus but omitting the long 
terminal repeat sequences. 
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